The spatially restricted Early Valanginian iron ore (limonite) and manganese deposit at Zengõvárkony (Mecsek Mts, southern Hungary) contains a rich, strongly limonitized, remarkably large-sized (specimens are 30-70% larger than those at their type localities) brachiopod-dominated (mainly Lacunosella and Nucleata) megafauna and a diverse crustacean microfauna, which indicates a shallow, nutrient-rich environment possibly linked to an uplifted block, and/or a hydrothermal vent.
Introduction
Cretaceous sediments in the Mecsek Mountains have been known for a long time (Fig. 1) . Geologic mapping and research began during the 19th century (Hauer 1870) , and Hofmann (1876) was the first to report Cretaceous volcanites from the area. Early research on the geology of the region was summarized by Vadász (1935) but the Cretaceous sediments and iron ore near Zengõvárkony were not yet known. In the 1930s the private entrepreneur Rezsõ Dezsõ discovered the Zengõvárkony iron ore, based on magnetic inclination measurement. After World War II intensive mining activities started at Zengõ-várkony; however, due to the spatially restricted ore body and its comparatively low iron content, which did not even cover the direct costs of mining, the mine was closed and abandoned in the mid-1950s. Sztrókay (1952) first investigated the possible origin of the iron ore at Zengõvárkony, and pointed out that the ore material is of biogenic origin. This conclusion encouraged further research. Pantó et al. (1955) examined the iron ore from a petrologic point of view and concluded that the accumulation of the limonitic material is linked primarily to ferriferous exhalations related to volcanic activity or upwelling of ferriferous hot-water solutions. They also pointed out the presence of abundant unidentified micro organisms in thin sections (Pantó et al. 1955; Pl. 2. figs 4, 5) and noted that the ore deposit is a stratiform accumulation
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Fig. 1 Map of the Eastern Mecsek Mts indicating the Cretaceous outcrops
on the surface of the volcanite. Molnár (1961) began the first detailed mapping, thoroughly investigated the petrology of the iron ore, and described the ore body. He pointed out that the thickness of the ore body varies between 0.1 and 1.2 m and that it can be traced only 600 m along strike (Fig. 2) . The ore is situated on the top of the ankaramite-alkaline-basaltic volcanite cut by two valleys, and during the active mining (between 1954 and 1956 ) 24,850 tons of ore were excavated (Molnár 1961) . Wein (1961) focused on the paleogeography of the Early Cretaceous of the Mecsek Mts, and he pointed out that the former shoreline would have been located in a northwesterly direction; therefore the Zengõ-várkony area faced toward the deeper basin. Later Wein (1965) Molnár (1961) , modified and simplified. 1. Lower Cretaceous limestone; 2. Early Valanginian iron ore deposit; 3. Lower Cretaceous alkaline volcanite (ankaramite); 4. Oxfordian-Tithonian marly limestone; 5. Bathonian-Callovian limestone; 6. Bajocian marly limestone; 7. Aalenian limestone; 8. older Jurassic sediments. The asterisk indicates the examined outcrop but the 0.5-5 cm thick hyaloclastite crust and close to that its amygdaloidal structure (with vesicles 0.3-3 mm in diameter) is remarkable. The fauna is concentrated close to the lava surface, being allochthonous and strongly redeposited, dominated by strikingly large-sized brachiopods and fragmented ammonites (Bujtor 2006) . The dominant component is the brachiopod fauna; all other faunal elements (cephalopods, gastropods, echinoderms) are subordinate. Bed 4 yielded the following brachiopods: Karadagithyris sp., Lacunosella hoheneggeri (Suess), Moutonithyris sp. aff. moutoniana (D'Orbigny), Nucleata veronica Nekvasilová and Zittelina pinguicula (Zittel); cephalopods: "Lytoceras" sp. ind., "Phylloceras" sp. ind., Haploceratidae and Nautiloidea gen. et sp. ind., and belemnitids, rarely gastropods, and echinid spines resembling to that of Balanocidaris rysacantha and Pseudocidaris clunifera (Szörényi 1965) .
Regarding other fossils, Kolosváry (1961) reported Valanginian anthozoans from the iron ore mine, describing a new genus (Prototrochocyathus n. gen.), which may point to the Albian-Cenomanian species of Prototrochocyathus, although according to Kolosváry (1961, p. 497.) the Zengõvárkony specimens cannot be compared to the younger forms from either a morphologic or a stratigraphic point of view. Szörényi (1961) described echinid spines from the overlying marl beds, indicating Early Hauterivian age: Cidaris cherenensis Savin, Balanocidaris rysacantha (Gras.) and Pseudocidaris clunifera (Agassiz); however, she also reported (1961): Torynocrinus (T.) granulatus (Jaekel) and T. (Labiocrinus) labiatus Szörényi. Palik (1965) focused on the micro-organisms first illustrated by Pantó et al. (1955) . She described six new ichnospecies as Favreina dispentochetarius, F. hexaochetarius, F. octoochetarius, Palaxius decaochetarius, P. tetraochetarius and P. triochetarius. Regarding this rich organic content, Palik (1965, p. 99 ) noted that crustacean excrement may have played a considerable role in the formation of the iron ore at Zengõvárkony. This seems also to be proved by the fact that such coprolites are found in great quantities in the iron ore as well as in the overlying beds. She also reported fossil crab antennae from thin sections, possibly belonging to Galatheidae. Beside the rich microfossil content, earlier research showed only weak indications on the abundant megafossil fauna related to the ore beds. While engaged in geologic mapping, Fülöp (in: Hetényi et al. 1968 ) was the first to report megafossils (brachiopods, mollusks and echinoderms): Cidaris sp., Duvalia dilatata Blainville, Neocomites neocomiensis D'Orbigny, Neolissoceras grasianum D'Orbigny, Olcostephanus astierianus D'Orbigny, Pleurotomaria sp., Rhynchonella malbosi Pictet, R. sparsicostata Oppel, Terebratula aff. salevensis Loriol and Torynocrinus sp., as well as microfossils (Tintinnopsella carpathica, Globigerina sp.) from the tailings of the ore mine. More recently Bujtor (2006) reported Valanginian brachiopods from Zengõvárkony revealing a strong faunal connection to the Pieniny Klippen Belt of the Western Carpathians, and presenting the first faunal evidence from the Mecsek Mts for the common development of the Tisza Unit and the Carpathians, already established through plate tectonics (cf. Golonka and Krobicki 2004; Haas and Péró 2004; Golonka et al. 2005 ).
The first modern synthesis of the evolution and development of the region, with special reference to the Early Cretaceous was made by Császár (1992 Császár ( , 2002 , who also recognized and proved the presence of former atoll-like structures (Császár and Turnšek 1996) and brought the Early Cretaceous of the Mecsek Mts into a broader context. Bércziné et al. (1997) also included the Zengõvárkony area in a paleogeographic reconstruction, indicating that Zengõvárkony was in shallower environment (within the slope), although they did not mention or explain the ore formation and its genesis. The present paper provides a synthesis based on previous work and the present author's latest research on the orerelated environment proposing a plausible explanation for its origin.
Mesozoic evolution and geologic setting of the Mecsek Mts
Regarding the development of the region during the Early Cretaceous, the most significant tectonic movement was the detachment of the Tisza Microplate from the southern shelf of the European Plate, and the beginning of the significant rotation of the Tisza Mega-unit (Haas and Péró 2004) and the onset of alkaline rift-type basaltic volcanism. Therefore the Jurassic-Cretaceous development of the Mecsek Mts is linked to the development of the Tisza Mega-unit. By the end of the Jurassic period, the subduction of the Vardar Ocean began along its northern margin. Parallel to this, rifting also started in the Valais-MaguraPieniny-Mecsek zone (Kovács and Kázmér 1989) , which formed troughs with oceanic or thinned continental crust. However, the collision of the Tisza unit with the Inner Carpathian terranes also ended during the late Jurassic (Golonka and Krobicki 2004; Golonka et al. 2005) . The Late Jurassic sequence of the Mecsek Mts was deposited in a bathyal environment (Harangi 1989) . As a result of rifting, extensive alkaline basaltic volcanism occurred in the Mecsek zone, producing volcanic, sub-volcanic and intrusive bodies, too (Juhász and Vass 1974) . According to Bilik (1983) these rocks can be considered the products of continental rifting. In the Mecsek Mts volcanism may have begun during the Oxfordian (Fõzy et al. 1985) . The volcanic activity became more intensive during the Late Jurassic and Berriasian (Pantó et al. 1955; Pantó 1961) , and reached its acme during the Valanginian (Bilik 1974) . Its products can also be recognized in core samples of exploration wells at the furthermost extents of the Mecsek zone (even as far as 200 km to the NE) (Császár et al. 1983) , although surface outcrops are found only in the Mecsek Mts. However, the volcanic activity also produced mixed volcano-sedimentary rocks (Nagy 1967; Harangi 1989 ). In addition, Pantó (1961) pointed out that the alteration of products of the subsurface volcanic activity and iron hydroxide derived from synchronous exhalations produced local accumulation of iron ore. This scenario is a suitable theoretical framework for which the atoll-like structure and volcanic edifices are already proven (Császár and Turnšek 1996; Császár 2002 ), but no one has yet provided an explanation for the ore formation at Zengõvárkony. Regarding the topography of the basin, Harangi (1989) already pointed out that smaller and larger seamounts were formed, which produced a rough basin topography, while Bércziné et al. (1997) and Császár (2002) indicated that the Zengõvárkony environment was shallower than the basinal one at Kisújbánya. Császár (2002) also analyzed the bathymetry of the Lower Cretaceous formations of the Mecsek Mts, pointing out that the basin would have had a maximum depth of 500 m. He did not consider the Zengõvárkony iron ore formation and its fauna, but indicated that the Zengõvárkony area would have been shallower compared to the basinal zone at Kisújbánya, which is in line with the conclusion of Bércziné et al. (1997) .
Ore petrology and geochemistry
The first thorough investigation of the ore body revealed interesting information. According to Sztrókay (1952) the biogenic origin of the ore is proved by the consistently elevated phosphorous content, the presence of calcium carbonate, the lack of Mg and the relatively insignificant Si and Al contents. Typical minerals of the iron ore are goethite and lepidocrocite. The iron content of the excavated ore strongly varied between 18-65%, and the average sample had ranges of 26.5-36.1% of iron, 0.63-3.2% of manganese, and SiO 2 content of 8.7% (Molnár 1961 ) based on the analysis of slot samples.
The related Early Cretaceous volcanic rocks of the Mecsek Mts are the products of alkaline magmatism at the southern margin of the European Plate. This basalt is similar to alkaline basalt (ankaramite) of other intraplate areas (Harangi 1994) . On the basis of this interesting environment, it appeared useful to carry out stable isotope analysis in order to highlight the possible genesis of the ore. It is remarkable that brachiopods played a significant role in vent/seep localities in the past (especially during the Cretaceous) and present. The remarkable size increase of the Zengõvárkony brachiopods (30-70% larger than that of their type localities; see Fig. 4 ) also point to special paleoecological conditions. Carbon and oxygen isotope ratios are perfect indicators for the Mesozoic cold seep environments (cf. Campbell et al. 2002) . Ratios both less than -10 δ 13 C‰ and -5 δ 16 O‰ are indicators of ancient cold seeps. In addition to stable isotopes, however, some brachiopods (e.g. the Cretaceous Peregrinella) also unequivocally point to cold seeps (Campbell and Bottjer 1995a) . Peregrinella as an indicator of cold seeps has not yet been found, but the stable isotope analyses convincingly ruled out the cold seep hypothesis. Table 1 shows the result of stable isotope analysis performed at the University of Tübingen, Germany, according to the methods and standards of Spötl and Vennemann (2003 (ZGV-D and -F) showed significant negative ratios, those data still fall within the field of burial diagenetic or meteoric alteration of isotope ratios (see fig. 16 of Campbell et al. 2002) .
Thus the cold-seep hypothesis must be rejected, since stable isotope data only indicate early diagenetic alteration of stable isotope ratios of samples, and do not convincingly point to cold seep origin (see Campbell et al. 2002; Campbell 2006) . Therefore the vent hypothesis became more plausible to explain the environment. Moreover, both the broader geological setting and the JurassicCretaceous development of the related tectonic unit indirectly support the vent hypothesis.
Micro-and macrofauna
Regarding the microfauna, the initial researchers thought that the biogenic structures were remnants of Dasycladaceae (Sztrókay 1952) or plants/crinoids (Molnár 1961 ), until Palik (1965 revealed their crustacean origin. The vast quantities and diversity of coprolites (incl. Palaxius) at Zengõvárkony raise the question of the bathymetry of the paleoenvironment. The ichnogenus Palaxius is closest to the coprolites of the recent Callichirus major (Say) that indicates shallow or even tidal zone (Pohl 1946) , although the brachiopods may indicate slightly greater water depth (see below). However, Palik (1965) reported not only coprolites, but fossil crab antennae (Palik 1965; Pl. 2. figs 13-15 ) that can be assigned to the Galatheidea. Crabs play a very important role in the life of either vent or seep ecosystems. Van Dover et al. (1987) report that the population density of ventendemic bythograeid crabs is a useful indicator of the proximity of hydrothermal vents: the denser the population, the closer the hydrothermal vent is situated. Not only bythograeid crabs live near vents, however. Mullineaux and Manahan (1998) also report galatheid crabs (Munidopsis subsquamosa) from vents. Although the rich coprolite fauna at Zengõvárkony may point to a different group of decapods (thalassinids), it implies a unique environment with a rich and diverse decapod fauna. According to Palik (1965, p. 99 ) the crustacean excrements (present in great quantities in the iron ore) may have played a considerable role in the formation of the iron ore of Zengõvárkony. Bujtor (2006) pointed out that the most abundant faunal elements are the remarkably large-sized specimens of Lacunosella and Nucleata. Krobicki (1994) noted that L. hoheneggeri in the Polish Outer Carpathians is typical for the sublittoral zone. Krobicki (1994) examined the paleoecology of L. hoheneggeri thoroughly. He noted that this species is known from both shallow-water, reeflike carbonate deposits and olistoliths in the Polish Outer Carpathians, where it represents nearly 80% of the entire brachiopod assemblage. It is very remarkable that in Zengõvárkony, L. hoheneggeri represents 61% of the brachiopod assemblage (Bujtor 2006) . Krobicki (1994) also highlighted that this species is typical for the sublittoral zone and abundant in the Štramberk-type (reef-like) carbonates.
Hence, the genus Lacunosella suggests a shallower marine environment (Krobicki and Wierzbowski 1996) .
The crinoids Torynocrinus (T.) granulatus (Jaekel) and T. (Labiocrinus) labiatus Szörényi reported by Szörényi (1961) are cliff-dwelling forms, and are interesting elements within this environment.
Also notable is the rich microfossil content described by Palik (1965) . Although based on strong recent analogies it cannot be concluded that the extinct animal that left Palaxius was a tidal one. According to Blau (1999) the closest trace-maker of the Palaxius decaochetarius ichnospecies is Callichirus major (Say, 1815). All C. species are tidal animals (Pohl 1946) , known only from tidal and shallow-water zones Dworschak 1997, 1998) . However, taking into consideration the large-sized brachiopods and the ore-related paleoenvironment, the abundance and diversity of coprolites in this environment may require other explanations. Van Dover (2000) reported rich decapod faunas at hydrothermal vents, which may explain the rich crustacean remnants (coprolites and crabantennae) at Zengõvárkony. On the other hand, Callender and Powell (1999) and Little et al. (2002) demonstrated that vent/seep communities were continuously ubiquitous in space and time from neritic to bathyal environments. This leaves the door open for the challenging possibility that the decapods that left the rich coprolite deposits were shallow marine and vent-restricted animals. Based on the rich coprolite remnants, crustaceans may have played as important role in the Zengõvárkony ecosystem as brachiopods did. Note again that the Early Cretaceous was an outstanding period for brachiopods. Campbell and Bottjer (1995b) reported 21 known hydrothermal vent and cold seep appearances with brachiopods from all over the world in Phanerozoic times, of which 11 occurred in the Early Cretaceous. Increasing amounts of data indicate that the Early Cretaceous vent/seep communities were dominated by brachiopods, mostly by rhynchonellids, as is the case at Zengõvárkony. Little et al. (2004) also report rhynchonellid brachiopods from a Pliensbachian fossil hydrothermal vent community in the Franciscan Complex in California (USA).
The Valanginian iron ore-related environment at Zengõvárkony was also dominated by large-sized brachiopods (see Fig. 4 and Bujtor 2006) and rich crustacean remnants (Palik 1965) . Particularly for the Early Cretaceous, this fits well into a hypothetical vent community at Zengõvárkony. Remarkably, nektonic animals such as nautiloids and ammonoids also occur, but no bivalves have been reported so far. The megafaunal composition of the locality is shown in Fig. 5 . It is remarkable that it makes no mention of coprolites; therefore the paleoecosystem cannot be reconstructed from that composite list alone. In any case this underlines the brachiopod dominance (73%). It is notable that 16% of the total collected specimens were nektonic ones (ammonoids, nautiloids, and belemnitids); therefore the dominance of brachiopods among the benthic forms became more pronounced (87%). Size increase of dominant Valanginian brachiopods of Zengõvárkony compared to that of their type localities. Data of the Štramberk brachiopods are from Nekvasilová 1969 Nekvasilová , 1977 Alternative hypotheses: hydrothermal vent vs. uplifted block
Regarding the cross sections of Bércziné et al. (1997) and Császár (2002) the present author dropped the southeastern part of their model, using a completely new approach and paleorelief for the Apátvarasd-Zengõvárkony area. Fig. 6 shows the new approach, with special reference to the unique Zengõvárkony paleoenvironment.
It should be noted that Molnár (1961, p. 193) had already pointed out that the Zengõvárkony iron ore originated from exhalations related to volcanism. This paleocommunity and the related iron ore linked to volcanic exhalations strongly point to a former vent association. If one compares the ratio of the manganese and iron contents of the Zengõvárkony ore with that of the ratio of recent hydrothermal vents (Jannasch and Mottl 1985) , they are very much alike. Even the geometry of the Zengõvárkony ore body is similar to that of the recent hydrothermal vent fields, based on recent observations of vents by Pfingst et al. (2000) . Although no direct evidence has been found yet, the vent hypothesis appears to be the most convincing one. On top of the tectonically uplifted block, which was also the location of formation of subsurface lava-flows and hyaloclastite, a hydrothermal vent field is assumed to exist, with its brachiopoddominated fauna. Close to the edge of the block, and on the upper part of its slope, the cliff-dwelling crinoids would have lived. The primary consumers of the supposed brachiopod-dominated vent fauna were the thalassinid crabs, which had a high diversity indicated by the 6 ichnospecies (described by Palik, 1965) and cephalopods. If the vent hypothesis is rejected, only an uplifted block hypothesis would remain plausible. Indeed, seamounts and uplifted blocks have been described earlier from the region (Harangi 1989; Bércziné et al. 1997; Császár 2002) , and the cliff-dwelling crinoids of Szörényi (1961) can be explained as well. The uplifted block hypothesis may explain the presence of cliff-dwelling crinoids. The upwelling cold streams along the uplifted block would also have provided the nutrient environment. However, other faunal elements do not fit easily into that scheme. Moreover, those crinoids may have been transported from other, shallower environs. In particular, the uplifted block hypothesis cannot explain the connection between the ore, its rich crustacean fauna and the anomalously large-sized brachiopods.
Summary
Dominant and remarkably large-sized Valanginian brachiopods, connected to an iron ore deposit at Zengõvárkony (Mecsek Mts, SE Hungary), were collected. The brachiopods are 30-70% bigger than those at their type localities. Other faunal elements such as cephalopods, crustaceans, echinoderms, and rarely gastropods created a unique former environment. All data based on the ecology of very different animal taxa unequivocally point to a shallow marine, nutrientrich, and volcanically active area related to subsurface volcanic exhalations of a spatially restricted uplifted block. This block would have been either an uplifted block (indicated by cliff-dwelling crinoids; cf. Szörényi 1961) of a sunken volcanic edifice (cf. Császár and Turnšek 1996) or an active hydrothermal vent location. Its rich fauna, especially the extremely dense crab content in the ore (coprolites and antennae; cf. Palik 1965) and the shallow-water indicator Lacunosella (Krobicki 1994: Krobicki and Wierzbowski 1996) , appearing in great quantities and remarkably large size (cf. Bujtor 2006) , all point to one possible environment: a hydrothermal vent. Stable isotope analyses unequivocally ruled out the cold seep origin. For the moment, any direct evidence is missing; moreover, none will be forthcoming, since during active mining (1954-56) the richest ore body was excavated. Nevertheless, it is worth calling attention to this enigmatic but tiny iron ore deposit, which is still not fully understood. Subsequent thorough investigation and proper new collection will either support or reject the presently proposed hydrothermal vent origin. GB) for the valuable comments and introduction into the world of hydrothermal vents and cold seeps. I am also extremely thankful to Steffen Kiel (Smithsonian Institution, USA) for valuable criticism, prudent remarks and a thorough improvement of this paper. Thanks are also due to Attila Vörös and József Pálfy (Nat. Hist. Mus. Hungary) for comments and criticism of the manuscript. My special thanks are due to my friend and colleague, Tamás Fehér, for his extensive support and help in both field work and improving the manuscript. I am grateful to the Geological Institute of Hungary for cleaning the outcrops and providing accommodation during field work.
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